Partner notification has long been practiced to inform the sex and drug-injection partners of people infected with human immunodeficiency virus (HIV) of their possible exposure to HIV and sexually transmitted diseases (STDs). 1 In 1998, the Centers for Disease Control and Prevention (CDC) published guidance on partner notification for HIV, called partner counseling and referral services (PCRS), which has the objective of reducing HIV transmission. Because people who are aware of their HIV-infected status are less likely to participate in behaviors that transmit HIV, 2 PCRS is designed to reduce HIV transmission by providing HIV counseling and testing services to people at high risk for infection, identifying previously undiagnosed infection, and linking HIV-infected people to care and treatment. 3 PCRS has been used by health departments to interview partners of people with known HIV infection, notify them of their possible exposure to HIV, and arrange for them to be tested. 4 An HIV-infected person is defined as an index client when he or she is reported to the health department. In traditional PCRS, index clients are located and interviewed by a disease intervention specialist to elicit information about current and past partners. 1 Partners may be notified of their exposure to HIV by the index client, the disease intervention specialist, or both of them together. PCRS is comprehensive and includes elicitation, notification, and testing of partners as well as education, risk-reduction counseling, and assessment of the need for referral to psychosocial services, case management, and medical care and treatment. Participation in PCRS by index clients and partners is completely voluntary.
CDC launched the Advancing HIV Prevention (AHP) initiative in 2003, aimed at reducing barriers to early diagnosis of HIV infection. 5 Preventing HIV transmission by working with HIV-infected people and their partners and implementing new models for diagnosing HIV infections outside medical settings are two key AHP initiative strategies. Incorporating rapid HIV testing into PCRS makes use of both of these strategies.
Although PCRS has been used as a strategy to prevent the transmission of HIV for many years, the incorporation of rapid HIV testing is new and offers partners the opportunity to be tested for HIV in the field. When conventional HIV testing methods are used in conjunction with PCRS, disease intervention specialists collect venous blood or oral fluid specimens in the field, which are then processed in a laboratory. Because of the variability in the time it takes laboratories to process specimens, it may take from one to 14 days for test results to be available. Moreover, this type of field-based specimen collection has not been used by all health departments, so in many instances, partners are referred for testing at health department clinics.
Under the AHP initiative, CDC funded a project to demonstrate the feasibility of conducting rapid HIV testing in conjunction with traditional and alternative approaches to conducting PCRS. The primary objective of this project was to decrease barriers to early diagnosis of HIV infection among partners of HIV-infected people by demonstrating new models of PCRS that included rapid HIV testing in the field and other settings. 
METHODS

In
Models of PCRS
The participating health departments incorporated rapid HIV testing into one or more of three different models for conducting PCRS. Three sites (Colorado, Louisiana, and Wisconsin) incorporated rapid HIV testing into the traditional model of PCRS, using disease intervention specialists employed by health departments to interview index clients and partners in their homes or workplaces or in the disease intervention specialists' vehicles or offices. At all three sites, disease intervention specialists received reports of HIV-infected individuals through routine surveillance or directly from HIV testing services.
Two sites (Chicago and Los Angeles) collaborated with staff at community-based organizations (CBOs) in addition to conducting traditional PCRS. In Chicago, trained counselors at 15 CBOs elicited partner information from newly diagnosed index clients identified through testing programs at the CBOs and provided this information to health department staff for use in conducting PCRS. Additionally, disease intervention specialists conducted traditional PCRS with individuals who had reactive HIV tests at six STD clinics, and these individuals were included in the project.
Los Angeles developed a model to build the capacity of CBOs to conduct PCRS and to improve referrals to the local health department. In Los Angeles, HIV medical outpatient clinics at three CBOs hired PCRS liaisons, who worked with the health department to conduct PCRS as one part of the comprehensive prevention services provided to HIV-infected people. Potential index clients with newly or previously diagnosed HIV infection were identified through counseling and testing programs, care and treatment services, support groups, and pharmacy visits. Clients who indicated that they wanted to participate in PCRS were interviewed and asked to provide information about their partners. Index clients were asked to bring their partners to the CBOs, where their partners could be notified, in the presence of a PCRS liaison, of their possible exposure to HIV infection and offered rapid HIV testing. Alternatively, index clients could choose to provide information about their partners directly to the health department so that a disease intervention specialist could conduct PCRS and HIV testing in the field. Promotional materials were developed to advertise PCRS within the clinic and in print media targeted to the communities served by the CBOs.
The San Francisco Department of Public Health developed a novel approach to providing PCRS, called the Partner Disclosure Assistance Program. Program materials were marketed through counseling and testing providers, medical providers, CBOs working with HIV-infected clients, and the local media. HIVinfected people were encouraged to contact Partner Disclosure Assistance Program staff by telephone or e-mail for assistance in disclosing their HIV-infected status to their partners. Field-based rapid HIV testing was made available to partners of index clients accessing this service. At all sites, the time period for which index clients were asked to provide information about their partners (the contact period) was typically 12 months. However, if a previous negative HIV test result was available for an index client, the contact period could be shorter or longer than 12 months. Index clients were asked to disclose how many partners they had and the names of their partners during the contact period. Each site determined the amount of information required to initiate a partner investigation, depending upon preexisting criteria. At sites that used disease intervention specialists, surveillance records were reviewed to determine whether named partners were already known to be HIV-infected, and disease intervention specialists initiated notification of partners who did not have documentation of HIV infection. In Los Angeles, the PCRS liaisons did not have access to surveillance data, so index clients were asked to bring their partners to CBOs, where they could be notified and referred to follow-up services with the assistance of CBO staff.
Exclusion criteria
Partners were excluded from participation in the project if they were younger than 13 years of age or were already known to be infected with HIV. Additionally, partners who resided outside of the health department's geographical jurisdiction were not included in the project; however, their names were shared with the appropriate local or state health departments for PCRS.
Data collection
Following the preparatory phase for this project, interviews with index clients and partners and rapid HIV testing were conducted from April 2004 through June 2006. Demographic characteristics, information about risk behaviors, and HIV testing history were recorded on paper forms, either during interviews or afterward, using notes taken during interviews. In addition, HIV testing information, including types of specimens collected, test results, and receipt of test results, was collected. At sites other than Los Angeles and San Francisco, disease intervention specialists collected basic demographic data (such as age, gender, and race/ethnicity) from surveillance or laboratory reporting information about index clients who could not be located.
HIV testing
Testing was conducted using OraQuick ® Rapid HIV-1 Antibody Tests and OraQuick Advance ® Rapid HIV-1/2 Antibody Tests (OraSure Technologies, Bethlehem, Pennsylvania), which used whole-blood and oral fluid specimens. Test results were available in 20 minutes. Partners who accepted testing received a rapid HIV test during the PCRS session. In the rare instances when rapid testing was not available due to staffing, partners received a conventional OraSure ® enzyme immunoassay (EIA) HIV test via venous blood or oral fluid specimens. Negative rapid and EIA HIV test results were considered conclusive. However, reactive rapid and EIA HIV tests required confirmatory testing using Western blot assays. Partners with reactive rapid test results had specimens collected for confirmatory testing. Testing was conducted in compliance with the confidentiality and testing requirements of each state and in compliance with national laboratory testing standards.
Data management and analysis
A contractor (Satyam Computer Services, Ltd., Hyderabad, India) entered data collected on paper forms into a Microsoft ® Access database. One site (Colorado) entered data locally. We analyzed data at CDC using SAS version 9.1 6 and performed descriptive and bivariate analyses using Chi-square tests of significance. We calculated the number of index clients interviewed to identify one partner with newly diagnosed HIV infection-which we will refer to hereafter as the "number needed to interview"-by dividing the number of index clients interviewed by the number of partners with newly diagnosed HIV infection. We calculated confidence intervals using the adjusted Wald method.
Human subjects considerations
CDC determined that this project was a programmatic evaluation of the incorporation of rapid HIV testing into PCRS, an established and widely accepted public health activity, and thus did not require review by CDC's Institutional Review Board. Partners provided informed consent prior to being tested for HIV, in accordance with state and local laws and regulations.
RESULTS
Participation of index clients and partners by site
Of the 2,678 index clients included in this analysis, 2,341 (87%) agreed to be interviewed by a disease intervention specialist, CBO counselor, or PCRS liaison (Table 1) . A number of reasons were provided for why index clients did not participate, including the following: a disease intervention specialist could not locate them (28%), index clients denied having sex or sharing drugs with others (23%), or index clients refused to provide a reason (38%). Among the 2,341 index clients who were interviewed, 779 (33%) provided names and locating information for partners. Index clients gave various reasons for not providing information about partners, including the following: their partners already knew that they were infected with HIV (61%), they used condoms during sex with their partners (19%), they were abstinent (16%), and they did not know the names of their partners (12%).
The characteristics of participating index clients differed by site, as did the proportion of index clients who did not provide information about partners. Controlling for site, we found that index clients who did not provide partner information were more likely to be male (p0.001) or older than 35 years of age (p0.0001), and less likely to be black (p0.03). The range in the proportion of index clients providing partner information was 12% to 100%. However, when data from the Los Angeles site were limited to index clients interviewed within three months of diagnosis, the range narrowed to 52% to 100%.
A total of 1,048 partners were elicited from index clients, of whom 933 (89%) were assigned to be noti-fied by disease intervention specialists or CBO staff of their possible exposure to HIV. The primary reason why partners were not assigned to be notified was that they had already received an HIV test after the index client was diagnosed with HIV infection (86%). Of the 933 partners assigned for notification, 717 (77%) were notified of their possible exposure to HIV. Reasons why partners were not notified included the following: disease intervention specialists could not locate them (43%), they had moved out of the health department's jurisdiction (43%), or they were deceased (6%). Of the 717 partners who were notified, 463 (78% of those not known to be HIV-infected) were tested for HIV. The most common reason why notified partners refused testing was that they had been tested for HIV recently (51%). There was considerable variation among sites in the percentage of notified partners who agreed to be tested, ranging from 49% in Colorado to 100% in Los Angeles and San Francisco.
Demographic characteristics of index clients and partners
The majority of the 2,678 index clients identified by participating sites were male, and half were aged 35 to 49 years (Table 2) . Overall, half of all index clients reported male-male sex in the past 12 months. Of the 463 partners who were tested for HIV, the majority were male. More than a quarter of these partners reported male-male sex in the past 12 months.
HIV test results
Overall, 463 partners were tested for HIV (Table 3) . A total of 451 partners (97%) received rapid testing, and of these, 173 (38%) were tested in the field, 138 (31%) in a clinic or disease intervention specialist's office, and 131 (29%) at a CBO. The remaining nine partners (2%) were tested in a variety of other locations. ). Of all partners tested, 37 partners (8%) were newly confirmed with HIV infection and 34 partners (92%) received their confirmed positive test results. The partners who did not receive their confirmatory test results could not be located.
Integrating test results with other PCRS performance characteristics, the mean number of index clients interviewed to identify one partner with newly diagnosed HIV infection was 69. This ranged by site from 10 in Louisiana to 137 in Los Angeles.
Perceived HIV status and HIV testing history
Partners were asked what they thought their HIV serostatus was at the time of the interview, before their test results were available. Prior to receiving their test results, 2% of partners (11% of newly diagnosed HIV-infected partners and 2% of HIV-uninfected partners) believed they were HIV-infected, and 23% were unsure if they were HIV-infected. Twenty-two percent of partners who were tested in this project had never been tested for HIV, an additional 47% had not been tested for HIV in the past 12 months, and 41% of all partners tested had no prior plans to be tested for HIV in the next six months.
DISCUSSION
This project demonstrated that rapid HIV testing can be incorporated into PCRS. Three-quarters of partners notified of their possible exposure to HIV infection through PCRS who were not known to be HIV-infected were tested for HIV, which is similar to findings reported by others. In a review by Fenton and Peterman, 38% to 100% of those partners notified received HIV testing, 8 and in a review by Hogben and colleagues, 42% to 97% of partners notified were tested. 9 In a study of PCRS in Georgia, 54% of partners were tested. 10 Offering rapid HIV testing in conjunction with PCRS provides potential advantages over conventional HIV testing. First, rapid HIV testing allows disclosure of test results within 20 minutes and may reduce the number of partners who fail to return for test results, which has been shown to be substantial in multiple settings. Among those receiving conventional testing, failure to return for test results among people at high risk of HIV infection has been found to be 10% to 27%. 11 Among people tested for HIV at STD clinics in two studies, more than half of those tested did not return for their results in one study, and of those who had positive results, almost 60% did not return. 12, 13 In a study of HIV testing in outreach settings, failure to return for test results was found to be 18% to 43%. 14 In this project, of the 463 partners who were tested, 451 received a rapid HIV test, and of these, 426 (94%) received their rapid test results. Only six partners (16%) with reactive rapid test results did not receive confirmatory testing or did not receive the results of their confirmatory tests. Because there are no published reports of return rates for conventional HIV testing in PCRS, we cannot determine if the difference we see is due to rapid HIV testing itself or to programmatic differences between PCRS and other settings in which HIV testing occurs.
Another advantage of providing rapid HIV testing in PCRS is that it may reduce the resources that need to be allocated to PCRS because disease intervention specialists do not need to spend as much time following up with people who have negative test results, although they would need to ensure that partners who have reactive test results receive confirmatory tests (and receive the results of those tests). A theoretical advantage of conducting rapid HIV testing with PCRS is that people who receive reactive rapid test results may reduce their risk behavior, and thereby reduce transmission to their partners, one to two weeks earlier than they might have, had they undergone conventional HIV testing.
Although this project was designed to evaluate the integration of rapid HIV testing into PCRS, information about the process measures of PCRS was also obtained. Eighty-eight percent of index clients agreed to be interviewed in this project, but only 33% of those who were interviewed provided information about their partners, and index clients who provided information about their partners differed from those who did not by age, gender, and race/ethnicity. The proportion of index clients who provided information about their partners in this project was lower than that found in previously published reports of PCRS. [15] [16] [17] [18] However, a substantial number of the participating index clients at the Los Angeles site were interviewed three or more months after being diagnosed with HIV; when we excluded these individuals from the analysis, we found that 69% of the remaining index clients at all sites had provided partner information, a proportion that is consistent with previous reports.
Although this project was not designed to evaluate the different PCRS models used by participating sites, examining the number needed to interview enables us to compare the performance at the sites. Three sites (Colorado, Louisiana, and Wisconsin) employed the traditional model of PCRS, and the number of index clients interviewed to identify one partner with newly diagnosed HIV infection ranged from 10 in Louisiana to 119 in Colorado. Studies of HIV PCRS have reported numbers needed to interview ranging from two to 13 in individual jurisdictions. 19, 20 One study of 28 jurisdictions found a median number needed to interview of nine in areas where men who have sex with men (MSM) accounted for less than half of the HIV infections and 36 in areas where MSM accounted for 50% or more of the cases. 15 Although Louisiana performed at the level of the reported studies, Wisconsin and Colorado failed to achieve comparable results. This project was not designed to explain these differences, but this variation may be due to multiple factors, such as differences in HIV prevalence in each jurisdiction, variation in the proportion of index clients who are MSM, characteristics of the health department or its staff that were not captured through our data collection processes, or chance, given the small numbers of participants at these sites.
Los Angeles and Chicago developed alternative models of PCRS. Although the number needed to interview in the Los Angeles site was 137, this number was heavily influenced by the large number of previously diagnosed index clients interviewed at this site. When data were limited to the 77 index clients diagnosed within three months of the PCRS interview and the three partners who they referred that were newly diagnosed with HIV infection, the number needed to interview was much lower at 26. For people interviewed three or more months following diagnosis, the number needed to interview was 179, suggesting that providing PCRS to HIV-infected people more than three months after their diagnosis may not be as effective as providing PCRS to people who have been recently diagnosed with HIV. These results are similar to findings by Ahrens and colleagues, who reported a number needed to interview of 21 among newly diagnosed index clients, lower than that among previously diagnosed index clients. 21 Chicago employed a mixed model, using both traditional and alternative PCRS. All three newly diagnosed partners were elicited from index clients participating in traditional PCRS. Although the numbers are small, this may indicate that at the Chicago site, traditional PCRS was more effective in identifying new HIV diagnoses than the alternative model.
The passive model implemented in San Francisco was unsuccessful. Few HIV-infected people participated in this program, despite the staff's efforts to improve outcomes through training sessions with health-care providers and CBO staff, follow-up interviews with these collaborators, and increased marketing to HIV-infected people and the general public. This result suggests that HIV-infected individuals should be actively sought out to provide effective PCRS.
This project accessed index client and partner populations that were predominantly male, aged 25 to 49 years, and members of racial/ethnic minority groups. All of these characteristics are highly represented in the HIV epidemic, suggesting that PCRS reaches people who may have a great need for testing. Furthermore, data from this project confirmed that HIV PCRS programs access a population with a high level of unrecognized HIV infection. Eight percent of partners who were tested received new HIV diagnoses. This percentage is comparable to other published findings, which have reported that 7% to 39% of partners tested through PCRS were infected with HIV. 15, 20, 22 The proportion of people tested through PCRS who were newly diagnosed with HIV infection was substantially higher than that found among people tested at HIV counseling and testing centers (generally 1% to 2%). 23 Nearly one-fourth of partners tested in this project reported that they had never been tested for HIV, and half had not been tested in the past 12 months. Furthermore, almost half reported that they had no plans to be tested in the next six months. These data suggest that many were either not aware of their risk for HIV infection or had structural, psychological, financial, or other barriers to being tested. 24, 25 We were able to provide testing to many people in need of these services in this project.
Limitations
This project had several limitations. Not all index clients provided partner information, not all partners were interviewed or tested, and those who participated differed from those who did not by gender, age, and race/ethnicity. Therefore, the results from this analysis are not representative of all partners of HIV-infected individuals. Additionally, the project was conducted during a limited time frame at only six sites. PCRS varies widely by health department jurisdiction, and these data do not necessarily represent the breadth of programs and experiences. Furthermore, our data do not include all HIV tests received by partners as a result of notification, but rather only those conducted by project staff; therefore, we have likely underestimated the numbers of partners tested for HIV. Finally, although our original intent was to collect data on linkage to HIV care and treatment for partners with newly diagnosed HIV infection, these data proved extremely difficult to capture for a number of reasons, including the time lag between diagnosis and follow-up medical appointments for HIV care.
CONCLUSIONS
PCRS provides access to HIV prevention, testing, and referral services for people at high risk of HIV infection, including people who are unaware that they are infected with HIV and, thus, more likely to transmit infection. Rapid HIV testing can be incorporated into PCRS. Rapid HIV testing also likely confers benefits to individual and public health because it reduces barriers to testing, minimizes failure to return for test results, and decreases time spent on locating and notifying those tested of their negative test results. Our results clearly show that a passive model was ineffective at identifying partners with unrecognized HIV infection. However, further evaluation of active models of PCRS will be needed to determine the best methods of identifying partners with previously unrecognized HIV infection. Frequent evaluation and quality improvement of all PCRS activities will help to achieve this goal.
